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and their usefulness to future researchers. If the frequently attempted task of 
depicting the details of the mathematics is not entirely successful, the overall 
picture of the developments is convincing and interesting, and the very establish- 
ment of the chronicle is of fundamental importance. A full elaboration of the 
picture drafted here will take many writers many years. Characteristically, Grat- 
tan-Guinness concludes the main text with a page in which he expresses his hope 
for the impact of these volumes. As he states, “the potential uses of this study are 
considerable” (p. 1304), and I feel certain that the historical analysis which he has 
substantially furthered will bear fruit. 
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The massive 1238-page history of mathematics by Morris Kline, Mathematical 
Thoughtfrom Ancient to Modern Times, begins with the statement, “Mathematics 
as an organized, independent, and reasoned discipline did not exist before the 
classical Greeks of the period from 600 to 300 B.C. entered upon the scene” [Kline 
19721. Spending then 12 pages on Babylonian mathematics and nine pages on 
Egyptian mathematics, Kline proceeds to deal with the Greeks for 159 pages. After 
a 17-page chapter on “The Mathematics of the Hindus and Arabs,” he spends the 
remainder of the book on the mathematics of Europe and the United States. The 
two books under review challenge this picture of the absolute centrality of Europe 
to the development of mathematics. 
Marcia Ascher and George Joseph deal with the mathematics outside of Europe, 
however, in entirely different ways. Joseph’s book is fairly traditional in approach. 
He considers the documented evidence of mathematical thought in Egypt and 
Babylonia and then proceeds to a detailed treatment of the mathematics of China, 
India, and the Islamic world, a treatment virtually entirely lacking in Kline’s tome. 
Ascher, however, considers the mathematical ideas of people in traditional, or 
“small scale” cultures, cultures in general without a written tradition. Thus, she 
must bring in evidence from anthropology and ethnography to buttress her case 
HM 19 REVIEWS 311 
that, in fact, mathematics of some sort is a cultural universal. Naturally, nothing 
of what she presents finds a place in Kline’s work either. 
Joseph’s book, dealing primarily with “Eastern” mathematics, is especially 
important now in light of the debate currently taking place in many American 
colleges and universities over the relevance of non-Western materials for the 
liberal education of today’s students. Inasmuch as mathematics, the basis of our 
modern technological civilization, is studied by virtually every student, a detailed 
account of its own non-Western heritage is greatly to be welcomed. As Kline’s 
book illustrates, the standard “trajectory” of the growth of mathematics holds 
that it originally developed in Greece, with a bit of help from Egypt and Mesopota- 
mia, and was brought to a high point in Alexandria in the centuries from 300 B.C. 
to A.D. 400. It was then preserved by the Arabs during the European “dark ages” 
until the Renaissance, when Europe recaptured its Greek heritage and out of it 
developed modern mathematics. 
Joseph’s goal in his book, developed in detail in the first chapter, is to present 
a more accurate trajectory of mathematical development, stressing the contribu- 
tions of civilizations in China, India, Western Asia, and North Africa, particularly 
during those “dark ages.” In particular, he aims to highlight “(1) the global nature 
of mathematical pursuits of one kind or another; (2) the possibility of independent 
mathematical development within each cultural tradition; and (3) the crucial impor- 
tance of diverse transmissions of mathematics across cultures, culminating in the 
creation of the unified discipline of modern mathematics” (p. 12). Joseph succeeds 
admirably in his first two aims, presenting a far better picture of mathematical 
developments in the major Asian societies than can be found in any of the standard 
histories. He does not succeed in proving his third thesis, that modern mathematics 
drew from all of these various sources, because the documentary evidence for 
transmission of mathematical ideas is lacking. 
After a brief look at the mathematics of the Incas and the Mayans, Joseph gives 
short summaries in Chapters 3 and 4 of the mathematics of Egypt and Babylonia. 
This material is all fairly standard now, even if only briefly covered by Kline, and 
is easily found in such works as Gillings [1972], Neugebauer [ 19621, and van 
der Waerden [1961]. Joseph briefly sketches the argument that the work of the 
Alexandrian Greek mathematicians, including Archimedes, Ptolemy, Diophantus, 
Pappus, and Heron, was made possible by the “creative synthesis of Classical 
Greek mathematics, with its strong geometric and deductive tradition, and the 
algebraic and empirical traditions of Egypt and Babylonia” (p. 90). What he does 
not present, however, is documentation to support this view. Certainly, some of 
Diophantus’ methods, for example, have their parallels in Babylonian methods, 
but whether Diophantus was directly influenced by the Babylonian tradition is a 
subject of scholarly debate. 
In any case, the major strength of Joseph’s book lies in the two chapters each 
on Chinese and Indian mathematics, in which the author gathers together material 
not easily available elsewhere. In the chapters on China, Joseph discusses the 
Chinese numeral system and the Chinese construction of magic squares and then 
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gives a detailed description of the mathematics in the Chiu Chang Suan Shu (Nine 
Chapters on the Mathematical Art), the text dating from the Han period (c. 200 
B.C.-A.D. 200) which was studied and commented on in China for hundreds of 
years. Joseph gives particulars, with clear diagrams, on the ancient Chinese 
method of extracting square and cube roots and shows how this method was later 
extended into a comprehensive method of solving polynomial equations of any 
degree, the method now named “Horner’s method” after a 19th-century English 
mathematician. Joseph points out that the “Gaussian” elimination procedure for 
solving systems of linear equations was also present in the Chiu Chung, as was a 
method of double false position, known as the method of excess and deficiency. 
He discusses the extremely accurate Chinese approximations to pi and gives a very 
brief introduction to the extensive Chinese work on solving linear congruences, 
especially by means of the Chinese remainder theorem. (More details on Chinese 
mathematics can be found in Libbrecht [I9731 and Li and Du [1987].) 
Joseph’s treatment of Indian mathematics is, if anything, even better than his 
treatment of the Chinese work, especially since it is difficult to find this material 
in other sources. He begins with a discussion of the Harappan culture (c. 3000 
B.C.) and then discusses the geometric work in the ritual literature of the Sulvusu- 
trus. After a brief look at the Jaina work on permutations and combinations, Joseph 
considers the gradual development of the Hindu place-value system. From the 
medieval period, Joseph discusses the Indian procedures for solving the “Pell” 
equation ax* + b = y2, where a and b are given integers and x and y are integers 
to be determined. He points out, in particular, that Bhaskara (b. 1114) solved the 
equation 61x2 + 1 = y2, an equation Fermat set out as a challenge to one of his 
correspondents in 1657. (The minimum positive solution is x = 226,153,980 and 
y = 1,766,3 19,049.) Joseph continues with a brief treatment of the Indian contribu- 
tions to trigonometry, but only tantalizes us with the bare statements of the power 
series for the sine, cosine, and inverse tangent functions worked out probably by 
Madhava (c. 1340-1425), series which did not appear in Western mathematics until 
the time of Gregory and Newton. (Joseph presumably did not discuss these matters 
in detail, because he intended the book for those who have only a high school 
background in mathematics. For more details on these Indian power series, how- 
ever, one can consult Rajagopal and Marar [1944], Rajagopal and Venkataraman 
[ 19491, and Sarasvati [ 19631.) 
The final chapter of The Crest of the Peacock is devoted to the Islamic contribu- 
tions to mathematics. Joseph gives only an overview of this vast and growing field, 
including in particular Islamic work in algebra, geometry, and trigonometry, but 
it is not difficult to find more detailed treatments; for example, Berggren [1986] 
and Youschkevitch [19761. In this chapter, as in the earlier ones, Joseph discusses 
possible lines of transmission among these various cultures and between them and 
Renaissance Europe. He admits, however, that at present many of these lines are 
very speculative, with only hints available in documented sources. Even the well- 
known translations of Arabic materials in Europe in the 12th and 13th centuries 
included only a very few of the Arabic contributions. For example, the important 
mathematical work of Omar Khayyam and Sharafal-Din al-Ttisi on cubic equations 
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and of ibn al-Haytham on sums of integral powers and their application to problems 
of volume were not known in Europe until after Europeans had worked through 
these ideas themselves. 
Although there were clearly wide-ranging mathematical developments in China, 
India, and the Islamic world, Joseph was not able to convince me that the mathe- 
matics of these non-Western cultures had a significant effect on the development 
of European mathematics. In fact, if Europeans had been aware of this work, it 
would have saved them many centuries of struggle with the same ideas. 
Ascher’s work takes an entirely different approach to non-European mathemat- 
ics than does Joesph’s. She has no intention of claiming that the mathematics 
developed in the cultures she discusses had any influence on developments else- 
where. Her main goal is simply to show that mathematical ideas, even if not 
developed by those called mathematicians, can be found in many societies if one 
only knows where to look. Among the examples Ascher discusses are graphs, the 
logic of kin relations, chance and strategy in games and puzzles, the organization 
and modeling of space, and symmetric strip decorations. Ascher takes her exam- 
ples from such people as the Inuit, Navajo, and Iroquois of North America, the 
Incas of South America, the Malekula, Warlpiri, Maori, and Caroline Islanders of 
Oceania, and the Tshokwe, Bushoong, and Kpelle of Africa. 
For example, one mathematical idea which appears in the Bushoong culture in 
Zaire and also in the Tshokwe culture of northeastern Angola is the graph-theoretic 
idea of tracing out certain figures in a continuous curve without lifting one’s finger 
from the sand. In Western mathematics, this idea was first considered by Leonhard 
Euler in 1736 in the problem of the seven bridges of Konigsberg. It turns out, 
however, that the Bushoong children, who first showed their diagrams to a Euro- 
pean ethnologist in 1905, were not only aware of the conditions which ensured 
that the graph could be drawn continuously, but also knew the procedure which 
permitted its drawing most expeditiously. For the Tshokwe, figure drawing is not 
a children’s game, but part of a storytelling tradition among the elders. As part of 
this storytelling, dots are used to represent humans, and rather complex curves 
are drawn with certain dots included within the figure and certain dots left out. In 
fact, the procedure for drawing is to set out a rectangular grid of dots on which 
the curve is superimposed. Without a special study of the diagrams, it is not easy 
to determine which dots are inside and which are outside, but the detailed drawing 
rules which the Tshokwe follow enable them to construct the curves quickly in 
one continuous motion. 
In the South Pacific, we find the idea of tracing figures continuously in the sand 
also in Malekula, in the Republic of Vanuatu. The drawing of figures here is 
imbedded in Malekulan religious life. In fact, passage to the Land of the Dead 
requires being able to draw these figures accurately. The Malekulans devised 
standard algorithms for tracing their quite complicated figures using symmetry 
operations on a few basic drawings. In other words, one can analyze the Malekulan 
figures using some of the language of modem group theory. 
Group theory is also convenient in analyzing the kin relationships in Malekula. 
In fact, the elders explained these relationships to an anthropologist using diagrams 
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which can easily be transformed into a group table. The basic idea is that the 
society is divided up into six sections, and men of one section can only marry 
women of a different section, while their children belong to still another section. 
If a given male belongs to the section we label as e, (identity), his mother will 
belong to section m and his father to section5 Then the mother of his father will 
be in section mf and the father of his mother in section fm. It turns out that the 
kin rules are such that all the possible “products” of m andfform the dihedral 
group of order six, that is, the group of six elements generated by the elements m, 
f with the relations m3 = e, f” = e, and (mf)(mf) = e. Marriage can only take 
place between A and B if B belongs to the section of the mother of the father of 
A, or, equivalently, if A belongs to the section of the mother of the father of B. A 
similar kin relationship group structure of order eight occurs among the Warlpiri 
of northern Australia. 
This discussion of group theory in the South Pacific is not meant to imply that 
the peoples there developed an abstract theory similar to the one developed in 
Europe in the late 19th century after many decades of dealing with examples of 
group structures. After all, unlike the situation in Europe (or in China, India, or 
the Islamic world), there were no “mathematicians” among the Malekulans. But 
it does appear that these peoples developed a structure in their kin relationships 
within which they could organize their society, a structure whose rules they 
understood fully and one which Westerners can interpret as groups using their 
own abstractions. Similarly, other peoples around the world developed logical 
structures as part of their own societies which we can today interpret in terms of 
our abstract mathematical concepts. 
Ascher’s beautifully illustrated book on mathematical ideas in traditional socie- 
ties and Joseph’s detailed treatment of the mathematical ideas of literate non- 
European societies are both excellent vehicles to demonstrate to students in both 
high school and college that mathematics is not now nor was it ever restricted to 
any one culture. Although the mathematics developed in Europe is the basis of 
our modern technological soceity, the mathematics developed in other cultures 
was created in part to solve problems in those cultures. That mathematics, explicit 
or otherwise, is necessary in virtually every society is effectively demonstrated in 
separate ways in these two books which I highly recommend. 
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